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ALPHA,
ALPHA-SECTOR, a

CONFIGURATION

) CIR.

CURRENT

DATA TYPE

DEL, §

DEL*
DEL**

DEW PT

NOMENCLATURE

Angle of attack, deg
Model configuration designation

Center of rotation, tunnel centerline axial
station about which model rotates in pitch, in.

Hot-wire heating current, ma
Thermeccouple junction diamter, 0.005 in. .

Code indicating nature of dara tabulated:

‘HEAI TRANSFER -~ Cold wall model surface heat-

transfer measurements

na" . Model surface pressure measurements

"3 - Qualitative hot-wire anemcmeter and
total tempersture probe boundary-layer
profile measurements

S ug"  _ Mean boundary layer profile measurements

using pitot pressure and total
temperature probes ’

"g" -  Total temperature probe calibrations

Pg® .  Quantitative hot-wire anemometer data at

particular point locations within a
survey

Boundary-layer total thickness {(where UL/UE = -
0.995), in. ) -

Boundary-layer displacenent thickness, in.
Boundary-layer momentum thickness, in.

Frost point, °F
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" Anemometer output rms voltage, mv

Hnt—wire mean voltage, mv

Effective total-temperature probe recovery factor
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. Heat transfer coefficient based on TT, )
QDDT/(TT—TW), Btu/ft2-sec-°R N

[ - - . -

Enthalpy baged on stilling chamber total -

* temperature, Btu/lbm _ . . =
inthalpy'based on TTD, Btu/lbm
'gqéhalpy based on TTL, B:Fllbm - - ~
:¥ Enthalpy baged on moéel wall temperature, Btu/lbﬁ
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Local unit Reynolds number, in.’l

Pnit Reynolds number_at the boundary-layer
thickness, DEL, in.™

Local "normal shock" unit Reynolds number
(based on MUTTL), in.72

~"Normal shock”" unit Reynolds number at
ZA (based on MUTTL), in.—1

"Normal shock" unit Reynolds number at
bOundary—laZer thickness, DEL (based on
MUTTD), in.”
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ME

ML

MODEL ROLL, ROLL
MU

MUTD

MUTL

MUIT
MUTTD

MUTTL

PRI, ¢

PITCH

PPD

PPE
PT

PT2

Free~stream Mach number

Local Mach number at ZA T -

Local Mach number at boundary-layer

" thickness, DEL, in.”1

Mach number at boundary-layer edge

Local Mach number

Roll angle, deg

Dynamic viscosity based on T, 1bf-sec/ft2
Dynamic viscosity based on TD, 1bf-sec/ft2

Dynamic viscosity based on TL, 1bf-gec/ft2
Dynamic viscosity based on TT, lbf-secfft2

Dynamic viscosity based on TTD, lbf-sec/ft2
Dynamic viacosity based on TIL, 1bf—aeclft2

Free~stream static pressure, psia

Roll angle, deg

Angle of attack, deg
Probe pitot pressure, psia

Pitot pressure at boundary-layer thickness,
DEL, psia

Pitot pressure at boundary-layer edge, psia
Tunnel stilling chamber pressure, psia

Free-stream total pressure downstream of a
normal shock wave, psaia
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Model surface pressure, psia

PWL . Model wall static pressure used for’
boundary-layer survey, peia

CEEERE NN - - - .
qQ ) Free-stream dynamic pressure, psia

QDOT ; Beat transfer rate, Btu/ftZ-sec

RE,RE/IN. ’ Free-stream unit Reynoids number, in.~1
RE/FT | Free-stream unit Reynolds number, ft-1

RET Lo Free-stream "normal shack” unit Reynolds ‘

number (based on MUTT), in."1

RHO % Free-stream density, lbm/ft3
» -

RHOD ; Densitg at boundary-layer thickness, DEL,
1bm/ft

RHOL Local density, 1bm/ft3

RHOUD - '(RHOD) » (UD), 1bm/sec~ft2 E f":' e

RN, RADIUS Model nose radius,.in.

RUR _Data set identification number -

s Curvilinear surface distance from model
stagnation point, in.

SD PW - Model wall pressure standard deviation

Sp W Model wall temperature standard deviation

SREF . . Model referenceé curvilinear surface distance
(from stagnation point to base), in.

ST(TT) ,STINF * Stanton number based on stilling chamber

QDOT

temperature (IT), ST(IT) = RHO) (V) (1TT-ITW)}
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T . oL Free-stream static temperature, °R

Lot . ' Cow TEw I

. -.‘.I.‘AP " Pressure orifice identification number
T/C = -+ Thermocouple identification number
'.I.'D . .. ] : . Static— temperature at boundary-layer "

thickness, DEL, °R
TDRK .+ - . Temperature of druck transducer, °F

'I'HE‘i‘A, 0 Peripheral angle on the model measured from
. ray on model top, positive clockwise when
Jooking upstream, deg

IL B . - Local static temperature, °R
TRIP - _Boun_dafy_-_:l_.fyer trip :Ldentification
T . - © Tunnel _stilling chamber temperature, °R
TTA | o ) Total t'emper-ature at ZA, R .
TI'D | o Total .temperature at boundary-layer thickness,

R | . DEL’ .R

TTE Total temperature at boundar'y.-layer edge, °R
TIL - - l.oclal 't—otal temperature, °R
TTLU Incorrected (measured) probe total temperature,
interpolated at 2P, °R
TTTU 'E_Jncorrected (measured) probe total temperature, R
v ~ Model surface temperature, °R
m Model wall temperature used for boundary-layer

survey, °R
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UE

Zp

2T

Local velocity component parallel te model
aurface at boundary-layer thickness, DEL,
ft/sec

Local velocity component parallel’ to model
surface at boundary-layer edge, ft/sec

Local wvelocity cnmponent parallel to model
surface, ft/sec

Free-stream veloecity, ft/sec

Axial location located from wvirtual apex of
7-deg cone model, in.

Anemometer-probe height, distance to probe
sensor along normal to model surface, in.

Pitot-pressure probe height, distance to probe
centerline along normal to model surface, in.

Totzl-temperature probe height, distance to

probe centerline along normal to model surface, in.



-1.0 INTRODUCTION

The work reported herein was conducted by the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC), under
Program Element 61102F, Control Number 2300-99-9, at the request of the
Air Force Office of Scientific Research (AFOSR/NA} Bolling Air Force
Base, Washington, D.C. for the Air Force Flight Dynamics Laboratory
{AFFDL/FXG), Wright-Patterson Air Force Base, AFSC, Wright-Patterson
Alr Force Base, Ohio. The AFOSR/NA project monitor was Dr. James
Wilson and the AFFDL/FXG project monitor was Mr. Kenneth Stetson.

The results were obtained by ARG, Inc., AEDC Division -(a Sverdrup
Corporation Company), operating contractor for the AEDC, AFSC, Arnold
Alr Force Station, Tennessee. The test was conducted in the von Karman
Cas Dynamics Facility (VKF), Tunnel B during the period September 21
through 25, 1979, under ARO Project No. V41B-B2.

The test.objective was to experimentally identify the turbulence
mechanism within a laminar boundary layer which promotes boundary-layer
transition on a blunt body of revolution in a hypersonic stream. To
accomplish this, flow field surveys were obtained at a free-stream Mach
number of 8 using a probing system instrumented with a hot-wire anemometer,
a total temperature probe, and a pitot pressure probe. The model con-
figurationused was a 7-deg (half-angle) cone with four interchangeable
nosetips of various bluntness (sharp, 3%, 10Z, and 40% referenced to the
base radius). Tests were conducted at a single free-stream unit Reynolds

__number for each bluntness configuration ranging from 1.0 to 3.5 x 10

‘per foot. All surveys were made- at zero—angle of -attack at equilibrium

'wall temperatures (IW/IT of approximately 0,75). Model surface pressure, -

heat—transfer, and temperature distributinne were also cbtained.

Inquiries to obtain copiles of the test data should be directed to
A¥FDL/FXG, Wright-Patterson Air Force Base, Ohio 45433. A microfilm
record has been retained In the VKF at AEDC.

2.0 APPARATUS

2.1 TEST FACILITY

Tunnel B (Fig., 1) is a closed circuit hypersonic wind tunmel with a
.50—1n.-diam test section. Two axisymmetric contoured nozzles are available
to provide Mach numbers of 6 and 8 and the tunnel may be operated contin-
ucusly over a range of pressure levels from 20 to 300 psia at Mach number
6, and 50 to 900 psia at Mach number 8, with air supplied by the VKF

main compressor plant. Stagnation temperatures sufficient to avoid air

- 1iquefaction in the test section (up to 1350°R) are obtained through the

use of a natural gas fired combustion heater. The entire tumnel (throat,
nozzle, test section, and diffuser) is cooled by integral, external



water jackets. The tummel 1s equipped with a model injection system,
which allows removal of the model from the test section while the tunnel
vemains in operation. A description of the tunnel may be found in the
Test Facilities Handbook, Ref. 1.

2.2 TEST ARTICLE

o —— e - - - . e ek m—— e e ——— m [ R

The basic model configuration was a 7-deg half-angle cone with a
virtual length of 40 in, as shown in Fig. 2. Model nose bluntnesses
of 0.150-in. (3% bluntness), 0.500-in. (10Z bluntness), and 2.000-1n.
(40% bluntness) radius were tested in addition to the baseline sharp
noge (RN = 0.0015 in.) configuration. Model components were fabricated .
from type 304 stainless steel at the AEDC. :

thermocouple gages. Table 1 (Appendix II) lists the instrumentation
locations and indlcates that the top centerline (8 = 0) was the main ray
of pressure instrumentation and the bottom centerline (6 = 180 deg) was
the only ray instrumented with thermocouple gages. Pressure orifices
vere also installed on the 8 = 180 and 270 deg rays at three additional
axial stations. .

A model installation photograph is presented in Fig. 3.

2.3 FLOW FIELD SURVEY MECHANISM

The model was instrumented with pressure orifices and coaxial surface

|

Surveys of tae Flow field were made using a retractable survey
‘system (X-Z Survey Mechanism) designed and fabricated by the VKF. This
mechanisn makes 'it possible to change survey probes while the tunnel
remains in operation. The mechanism is housed in am air lock
immediately above a port in the top of the Tunnel B test section.
Access to the test section is through a 40-in.-long by 4-in.-wide
opening which'can be sealed by a pneumatically-operated door when the
mechanism is retracted. Separate drive motors are provided to (1)
insert the mechanism into the test section or retract it into the
housing, (2) position the mechanism at any desired axial station over
a range of 35 in. and (3) survey a flow field of approximately 10-in.
depth. The survey mechanisms were used in combination to traverse
the probes across the flow field. A pneumatically-operated shield was
provided to protect the probes during injection and retraction through
.the tunnel boundary layer, during changes in tunnel conditions, and at
times when the probes were not in use.
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2.5 FLOW FIELD PROBES e

The pitot-pressure probe was made by flattening a 0.025-in. 0.D.
(0.020 I.D.) tube, as shown in Fig. 4a, which produced a probe tip ]
thickness of 0.011 in. with an open slit height of 0.006 in, The tube -
section behind the orifice tube was bent in such a2 manner as to hold
the probe alignment parallel to the medel surface during the surveying
sequence. . .- ceL L .

The hot-wire anemometer probes were fabricated by the VKF.
Platinum-10Z rhodium wires, drawn by the Wollaston process, of 20~ in.
nominal diameter and approximately 150 diameters length, were attached
to sharpened 3-mil nickel wire supports using a bonding technique
developed by Philco-Ford Corporation (Ref. 2)}). The wire supports were
dnserted in an alumina cylinder of 0,031-in. diam and O.25-in. length,
which was, in turn, cemented to an alumina cvlinder of 0.094-1in. diam
and 3.0-in. length that carried the hot-wire leads through the probe
holdex of the survey mechanism. :

The unshielded total temperature probe was fabricated by the VKF
from a length of sheathed thermocouple wire (0.010-in. 0.D.) with two
0.0015-1n. diameter wires. The wires were bared for a length of aboutr

. 0.015 {n. and a thermocouple junction of approximately 0.007-In. diam was
made. Details of this probe are shown in Fig, 4b.

: A sketch of the survey probe rake used during the test is
illustrated in Fig. S.

2.5 TEST INSTRUMENTATION S e e e Wl
2.5.1 Tunnel Conditions .

The measuring devices, recording devices, and calibration methods
~for all measured parameters during this test, with the exception of the
.hot-wire anemometer instrumentation, are listed in Table 2 along with

the estimated measurement uncertainties. The uncertainties in the
+8tilling chamber properties, as itemized in this table, are used in
eonjunction with previously established nozzle Mach number calibrations
- &8 the basis for defining the uncertainties in the test section
properties. Also identified in Table 2 are the standard wind tunnel
instruments and measuring techniques used to define such test parameters
" @8 the model attitude, the model surface pressures, probe positions, and
" probe measurements. The following additional special instrumentation
Was also used in support of this test effort,

- - Crr g mcrdel L

- . - -, .a
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2.5.2 Model Surface Heat Transfer Measurements .

Coaxial surface thermocouple gages were used to measure the model
surface heating rates and surface temperatures. The coax gage consists
of an electrically insulated Chromel®center enclosed in a cylindrical
Constantan sleeve. After assembly and installation in the model, the
gage materials are blended together with a file creating thermal and

- electrical contact in a thin layer at the surface of the gage. The
gage 1s used to monitor the surface temperature time history at a rate
of 15 points per second. Assuming the surface thermocouple behaves as
a homogeneous, one-dimensional, semi-infinite solid, 1ts temperature
time history can be used to define the corresponding time historv of
the incident heat flux., A complete description of this gage and the
data reduction procedure can be found in Refs. 3 and 4. The recording
and calibrating procedures for this type gage are summarized in Table 2.

) 2 5 3 Hot-Wire Anemnmetry

Flow fluctuation measurementa were made using hot-wire anemometry
technigques. The constant-current hot-wire anemometer instrumentation
with auxiliary electronic equipment was furnished by the VKF. The an-
emometer current control (Philco-Ford Model ADP-13) which supplies the
heating current to the sensor is capable of maintaining the current at
any one of 15 preset levels individually selected using push-button
switches. The anemometer amplifier (Philco-Ford Model ADP-12) which
amplifies the wire-response signal contains the circuits required to
electronically compensate the signal for thermal lag due to the finite
heat capacity of the wire. A square-wave gererator (Shapiro/Edwards
Model G~50) was used in determining the time constant of the sensor
whenever required. The sensor heating current and mean voltage were
fed to autoranging digital voltmeters for a visual display of these
parameters and &£o the VKF Bell and Howell model VR3700 B magnetic tape
machine for recording. The sensor response a-c voltage was fed to an
oscllloscope for visual display of the raw signal and to a wave analyzer
(Hewlett-Packard Model B553B/8552B) for visual display of the spectra of
the fluctuating signal and was recorded on magnetic tape for subsequent
analysis by the VKF. A detailed description of the hot-wire anemometer
instrumentation is given in Ref. 5. .

The analeog response signals from the hot-wire anemometer were
recorded on the VKF Bell and Howell model VR3700 B magnetic tape machine
in the FM mode. Each channel was calibrated and adjusted to have a
signal-to-noise ratio of 35 db for a 1.000 volt rms cutput. The tape
machine frequency response was +1 to -3 db over a d-c frequency range
to 500 kHz. 1In the present calibration, a sine wave generator was used
to check each channel at several discrete frequencies, using an rms-—
voltmeter which is periodically checked on 1, 10, and 100 volt ranges.
All magnetic tape recordings were made at a tape speed of 120 in./sec.



3.0 TEST DESCRIPTION
3.1 TEST CONDITIONS AND PROCEDURES
3.1.1 General

A summary of the neminal test conditions is given below.

M PT, psia TT, °R PT2, psia P, psia RE/FT x 10-?
8.0 225 - 1350 1.91 T, 0.023 1.0
‘ . 580 ) 4.92 0.0a0 2.5

800 T 6.79 0.082 3.5

A test summary showing all configurations tested and the variables
for each is.presented in Table 3.

In the VKF continuoua flow wind tunmnels (A, B, C), the model is
mounted on a sting support mechanism in an.installation tank directly
underneath the tunnel test section. The tank is separated from the
tunnel by a pair of fairing doors and a safety door. When closed, the
fairing doors, except for a slot for the pitch sector, cover the opening
to the tank and the safety door seals the tunnel from the tank area.
After the model is prepared for a data run, the personnel access door
to the installation tank is closed, the tank is vented to the tunnel
flow, the safety and fairing doors are opened, and the model is injected
into the airstream, and the fairing doors are closed. After the data
are obtained, the model is retracted into the tank and the sequence 1is
reversed with ‘the tank being vented to atmosphere to allow access to the
model in preparation for the next run. The sequence is repeated for each
configuration change. -

The probes were positioned during each boundary layer survey along
the normal tc the model surface by an automatic stepping device which
was programmed for step size and time duratiom.

-

3.1.2 Data Acquisition

A laminar boundary layer over the forward and midportions of the body
with transiticn beginning near the aft end was the desired operating
condition for the equilibrium wall temperature sutvey study. However, the
boundary layer condition could only be determined for the cold wall case
(TW/TT = 0.4) becausec of heat gage limitations. The cold wall boundary
layer conditions were determined from heat-transfer rate distributions
obtained with the coaxial surface thermocouple gages, The model was
injected into the tunnel flow and the heat gage output recorded continu-~
ously for approximately four (4) seconds. The medel was then retracted

~and cooled by flowing air over its surface to obtain a uniform wall
temperature, near room température, prior to injection into the tumnel
flow for the next rum.

13



As a result of the requirement to have leminar flow cover most of
_the model's surface at a free-stream Mach number of B, the free-stream
Reynolds number was varied depending on the blunt nose configuration.
The sharg configuration was tested at a free-stream Reynolds number of
1.0 x 10°/ft, the 3% bluntness at 2.5 x 106/ft, and both the 10%7 and
40Z bluntness at 3.5 x 109/ft, which is near the maximum operating
conditions in VKF Tunnel B. . -

Surface pressure distribution data were obtained on each blunt nose
configuration at the desired Mach number-Reynolds number conditiom.

Flow field surveys were obtained only after the model had reached
a state of temperature equilibrium, The model was positioned in a roll
orientation (ROLL = -90 Deg) to avoid interference of the surface
instrumentation on the flow field being surveyed.

Mean~flow boundary layer profiles were obtained on the sharp and
3% bluntness configurations at six stations (approximately every 5 inches
starting 5 inches from the base) using pitot pressure and total temper— °
ature probes. Similar mean flow profiles were obtained on the 40%
bluntness configuration at midbody and 5 inches from the base. The
profiles extended from near the model's surface to a height of 2 to 3
& (boundary layer thickness) in a direction normal to the surface.
Generally a profile consisted of from 20 to 30 points located approxi-
mately 0,010 inches apart. Measurements were recorded for processing
by the data system only after pressure stablization had been achieved.
Model wall pr2ssure and temperature data were measured simultaneocusly
with the probe data, Table 4 indicates the stations at which surveys
were made on each configuration and relates station distance, X, to
surface distance. '

The survey probe height relative to the model was mopltored using
a high-resolution (1224 lines/frame, 30 frames/sec) closed-circuit
television (CCTV) system (Fig. 6). The camera was fitted with a’ tele-
scopic lens system which gave a magnification factor of 38 (from tunnel
centerline to monitor picture). The probe and model were back-lighted
using the collimated light beam of the Tunnel B shadowgraph system which
was aligned with respect to the model just prior to testing. Calibration
of the syatem was made using a wire of 0,0095-in. diameter positioned at
the test section centerline. Subsequent measurements were made on the
face of the monitor picture tube using scales specially prepared from the
calibration images. The field of view was approximately 0.3 in. (axially)
by 0.2 in. (vertically) and a spacing of 0.001 in. was easily discernible.
The camera was isolated from tunnel vibrationms by mounting it with the
optics pystem which has a foundation separate from that of -the tunnel,
Small vibrations of the model were observable, and, using the calibrated
viewing screen, it was possible to estimare the vertical motions of the
model as being of the order of 0.001 In. The probe vertical vibrations
when present were estimated to be of the order of +0,002 in. Positioning
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of the probe at a desired location (in terms of X} on the model,
within the field of view of the CCIV system, was achieved using a
graticule, marked in 0.1 In. increments of X and indicating a 0.l-in.
distance normal to the model surface. The graticule was viewed using the
Tunnel B shadowgraph system,

The prilmary test technique for the present investigation was hot-
wire anemometry; and considerable effort was directed toward obtaining
gqualitative and quantitative hot-wire anemometer profile data. The
mean boundary layer profile data were necessary to define the flow
environment in the vicinity of the hot.wire.

The hot-wire anemometer profile surveys were of three general
types: (1) continuous traverse surveys to map a particular region,
(2) qualitative boundary layer profile surveys and (3) quantitative
hot-wire data at particular point locations within a survey. .

To acquire data of the first category, with the hot-wire anemometer
at a single sensitivity' (heating current), the probe was swept in a
continuous manner from near the model's surface outward to a distance
of approximately 2§. This type survey was nade on the sharp configuration
at 28 stations starting near the aft end of the model and moving forward
in approximately one—inch increments. Similar surveys were made on the
3Z bluntness configuration at 25 stations, the 10Z configurations at 2
stations, and at 3 stations on the 40%Z bluniness configuration. The
reason for fewer profiles on the blunter conflgurations was the difficulty
with survival of the hot-wire probes in the blunt cone environment.
Based upon .previous experience, it is believed that the higher unit
Reynolds number condition used for the blunt configuration was the
principal factor in the wire'slow survival rate.

The hot-wire anemometer qualitative boundary layer profile data
were obtained using a hot-wire anemometer probe and a total temperature
probe. The general procedure was identical to the mean flow boundary
layer profile sequence with the exception that much less time was needed
for recording data at each point in the profile (no stabilization time
required as with the pitot pressure}. This type of profile was made
at selected model stations, generally at three-inch intervals along
the model's surface, at a single wire semsitivity as the wire was
traversed away from the model in increments of 0.010 inches.

The continuous~traverse surveys with the hot-wire anemometer were
generally characterized by a single peak in the plot of the anemometer
response. The peak was defined as the location of the maximum distur-
bance encrgy in the flow field at the given model axial station. At
each of these peaks, quantitative hot-wire data were taken by stepping
through a sequence of 11 wire sensitivities.
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.Both the hot-wire anemometer qualitative boundary layer profile data
and the quantitative data at the maximum disturbance energy locations
were recorded on magnetic tape at a tape speed of 120 in,/sec.

A calibration of the recovery factor of the total temperature probe
as a funetion of local Reynolds number was made in the free-stream flow
of the Tunnel B test section. A Reynolds number variation was produced
by varying PT while maintaing TT at a nominally:constant level. The
free-stream total temperature was assumed equal to the measured stilling
chambet temperature, TT. The range of Reynolds number covered by a
typleal calibration and that required in the data reduction are shown
in ¥tp, 7. The fairing shown in Flg. 7, a straight-line least-squares
fit of the calibration data, was used for the data reduction over the
required range.

3.1.3 Hot-Wire Anemometer Probe Calibration

The evaluation of flow Eluctuation measurements made using hot-wire
anemometry techmigues requires a knowledge of certain thermal and physical
characteristids of the wire sensor employed. In applicatioms of the
hot wire to wind tunnel tests by the VKF, two complementary calibrations
are used to evaluate the wire characteristics needed. The first cali-
bration of each hot-wire probe is performed in the instrumentatién
laboratory prior to the testing: the probe is placed in an oven and
the resiastance of the wire 1s determined as a function of applied wire
heating current at several oven temperatures between room temperature
and 1000°F. The wire reference resistance at 32°F, and the thermal
coefFicient of resistance, also at 32°F, are obtained from the results;
and the wire aspect (length—to—diameter) ratio is determined, using the
wire resistahce per unit length specified by the manufacturer with each
supply of wire. Moreover, it has been found by the VKF that the
expasure of the probea to the elevated temperatures of the oven cali-
bration often serves to eliminate probes with- inherent weaknesses.

Each probe used for flow field measurements is calibrated In the
wind tunnel free-stream flow to obtain the heat-loss coefficient
(Nusselt number) and the temperature recovery factor characteristics
of the wire sensor as a function of local Reynolds number. The var-
iations of Reynolds number in the free .stream are obtained by varying
the tunncl total pressure PT while holding the tunnel total temperature
TT at a nominally constant level. The resulting relationships are-
expressed in equation form and are used to determine the values of the
varlous wire sensitivity parameters required in the reduction of the
quantitative measurements.

16
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The various types of data obtained during the test entry are
- summarized in Table 3. DATA TYPE callouts used are 2, 3, 4, 6,9
pod Heat Transfer. . . . -

tig A very limited quantity of hot-wire anemometer measurements is '
" tabulated in the data package accompanying this report. The only data
. presented are the anemometer output Ims voltage measured during the :
" ‘hot-wire anemometer qualitative boundary layer profile series (DATA
.. TYPE 3) and the free-stream conditions used in the anmemometer probe

. '.ealibrations (DATA TYPE 9). Hot-wire curreat’ and mean voltage
‘ measurements are also given for the TYPE 9 data. The analysis of the

al-hot-wire anemometer data including modal-and spectral analyses of the

-! recorded signals is not included in the present report. -

- e e e = —ed

The mean flow boundary layer data (DATA TYPE 4) includes an
evaluation of several boundary layer parameters, namely: the boundary
layer thickness, displacement thickness, and -momentum thickness. To
determine these parameters requires a knowledge of the surface
pressure and temperature at the survey station, the corrected total
temperature measurement, a method for defining the boundary-layer
edge, and the height relationship between the pitot and total
temperature probes. ’ .

. The model surface pressures used in the boundary-layer calculations,
which are tabulated in TYPES 3 and 4 -data results, were determined using
a fairing of the measured pressure distributions (TYPE 2 DATA) for the
case of the 3% bluntness configuration, and a fairing of measured
pressure distributions extrapolated with the aid of theoretical
solutions for regions where no pressure measurements .were made for the
remaining configurations. The static pressure across the boundary
layer was assumed constant and equal to the surface value at each
survey station. The surface pressure distributions used are shown
in Fig. 8. . .

The surface temperature used was determined from the measured surface
thermocouple data in the vicinity of the survey station. A three point
interpolation routine was used to calculate the wall temperature at the
exact wall location using the nearest functioning thermocouples.

The hot-wire anemometer probe was located 0.125 in. to the right
of the pitot probe (looking downstream with the pitot probe in line with
the model's vertical centerline), and the total temperature probe was
located 0.125 in. to the left. Allowance was made for this in B
determining the height of each probe off the model surface. Also, there '
was normally some misalignment in the vertical direction, which was
determined from the high resolution closed-circult television-system
during the test and verified after the test from photographs taken of

.. .
CEE e T

L
-
g



- .. Lo . .
- EE [ - s

e

" the probes at the initial point of each survey. With- these consid=7..% 7t
. erations the heights of the boundary-layer survey probes above the .
model surface, in the direction normal to the surface, were calculated
for each profile statilon and are given in che_tébulatiuns and plotted
data. ’ . .

. The boundary-layer Surveys are tabulated in terms of the pitot -
pressure probe height. The total temperature probe measurement
¢orresponding to each pitot probe height was determined- using a three— '
point interpolation scheme. The caleulation of lecal Reynolds number. g
for use with the total temperature probe recovery factor calibration
was initiated by using the uncorrected total temperature measurement
then an iteration scheme followed until successive values of "corrected"
total temperature were within 0.1 deg R. For those surveys where the
pitot probe was positioned in the probe head slightly lower than the
fotal temperature probe (closer to the model), the corrected total

; temperature at the corresponding pitot heights near the surface were
detexrmined from a second order curve fit using three points, i{.e., the i
model surface temperature and the corrected total temperature at the
first two probe heights where it was available.

The thickness of the model boundary layer on any given prefile
was inferred from the profile of the 1ocal uncorrected total temperature .
value (TTLU). The boundary-layer surveys generally extended well beyond’ )
the estimated boundary-layer thickness. . Uncorrected total temperatures
measured above the boundary-layer edge (in the shoek layer) remained .
constant or essentially independent of the probe height. The height ~° t
at which this constant portion of the profile began was defined as the
edge of the boundary layer. There was generally a very distinct
Wovershoot” in the uncorrected total temperature profile just prior
to the onset of the comstant portion of the profile. The profile of
the velocity ratio (local velacity-to-velocity at the edge) was then
determined and the height corresponding to a ratle of 0.995 was found
by interpolation and arbitrarily designared as the boundary-layer )
total thickness, DEL. Displacement and momentum thicknesses were
determined by integration using standard data reduction procedures.

3.3 UNCERTAINIY OF MEASUREMENTS

In general, jnstrumentation calibrations and data uncertainty
estimates were made using methods recognized by the National Bureau of
Standards (NBS), Ref. 6. Measurement uncertainty (U) is a combination
of blas and precision errxors defined as: .

U=z (B+ tgss)

‘| 'where B is the bias limit, S is the hém}ie standard deviation, and Eg&r' -
{8 the 95th percentile point for the two-taliled Student's "t" distribution,
which for degrees of freedom greater than 30 equals 2. .
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Estimates of the measured data uncertainties for this test, including
the basic hot-wire anemometer measurements included in this report, are
given in Table 2a, b. Estimates of uncertainties in flow fluctuations

~ _-derived from the hot-wire anemometer measurements and in other calculated
flow survey parameters fall outside the scope of this project effort. In
general, measurement uncertainties are determined from in-place cali-
brations through the data recording system and data reduction program.

~

— -

) The propagation of the estimated bias and precision errors of the
measured data through the data reduction and analysis was made in
accordance with Ref. 6, and 1s summarized in Table 2c.

. -..-. . 4.0 DATA PACKAGE PRESENTATION

Boundary-layer profile data, model surface data, probe calibration
data, and basic hot-wire anemometer data from the test were redaced to
tabular and.graphical form for presentation as a Data Package. Examples

. of the basic data type tabulatioms are shown in Appendix III. ‘

I1lustrations of the heat transfer rate distribution data and the
qualitative hot-wire anemometer profile results are shown in Figs. 9 and
" 7710, respectively. Figure 11 is an example of the mean flow boundary—
~"“layer survey results for the 10% bluntness configuration at a particular
""" gsurvey station. The tabulations in the appendix correspond to these
plotted data. . o . -
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O T 29.930 28,938
) 27. 230 28.226
- 28, 230 27,236
/3 27,230 26.236
- H 2 .230 25.23¢
s y 5 25, 230 24.236
L 24,230 23,236
7 , R23.230 22.236.
18 L RR.2380 2/ 226
. 2/, 190 20. /%6
20 h 20, /40 /9.146
2! /7. 140 /8. 116
22 B, 140 /7, 196
23 /7. /40 /€. /%6
24 /6, /40 /5. /146
25 /5. (40 /4. /46
26 /4. 190 /13./¢6
27 /3.190 /R.746
28 /2. 140 /. 196
29 70,890 Q, 845
30 10 . 140 9. 1#6
(3t i 9, 190 8.116
32 ! 8, 140 7, 146

"3(4; sb)

F5 452
IF4.952

34,252
I2.952
3/ 954‘_:

30,952
29,952
28.892
27,892
6,592

- R5. 892
24, &7%
23,892
22,892
21,892

20, 89Z
79. 872
/8.8592
/7. 8o
/76.802

/5,802

/74.80Z

/3,504
/2. 80%
/. BOZ

Jo. 802
9. 802
5. 802
7. 502
£. 8oz

- 5,80%

#4.802

tﬂ.zu) ‘

25, 909
24,907
24,209
22,909
/. 909

P0.709
/7, 909
/8, 549
/7. 849
/6,5%9

/5.8%99
/. 85%9
/3.89%
LE. 849
,/l 849

70,849
9, 849

&.8¢9
2,932

0,977
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. . Bvardrup | s scae.

TABLE 1. ESTANATID DMCERTALNTIEY ,
#. DUrsic Stallc Nessuremeats
~
STEADY.STATE ESTINATED MIASURENENT®
Precision Index l:u 2!(!;1“:“;; .
) B) + tgs ' Nethod ot
. { - — . . Range Typs of Trpa of Syates
- we |»= u e, —— e Innr}n; Dovige Recordiog Device calidbration
2.3 5% 1ed B.3 | .28 | E.27) 3%
EA ZES | EH B8Y [ 23 ioy - H
a = bR 8&1 A = -1 & & 1]
Pr.pain 10 .02 30 $0.28 10.30 <lod Ball snd Howsll Digital Data Acqui- Jo-place Lir Doad
10.02 230 | 10.23 10.27 £ Viriable Capagi- |sltion Systes Analog | wolght Calibeataon
' 10.11 *30 10.38 10.60 <333 tance Trensducar |to Digitsl Cobwerter
" 20,11 *30 1 10,23 10.27 < |0
. F tl 230 12 14 < 530 ChromeL=Alunel Dorle Toaperature Thermocouple Yarifi-
| Thernocoupls Instrument Digital cativo oi: XBY Cog-
21 10.375 +0.285 < 2300 [Multiplexer forale Y3tisge Sub-
AL Jag I6.023 a0 ar FU .08 (A} Potent lométer____ [Uigital Data Acquiw atitutlan Calibratidn
[~ PAT. dex 3015 730 [ 0 IN.T0 210 sition Eystem Annleg | PiCcamion lovline= |
} It igital Convgrtay | meter
PP ITO0ZY 30 IV.008 U003 1% Fug uy (13 Tn-ploce X[r Dead
phragn 4-arm Straiq Yeight Calibration
Gage
| ITI0. T £1) FI0 F & g %0 Unshielded CA-AL |Digital Dafa Acqui= | Thermocsuple Vaa i1L4
18 10.976 10.3g0 <2300 Thernocoupls sitlan Byrtem Asslog | cation OI KBS Coa-
to Digital Converter | formic ¥sluiage Sul=
stliutioi Calibratiug
BRUTAC IT.0007TS [F i 30.001F [<0.3 HES Daratiros In-place Arr Dcad
standard pressure - Weight Calibratioa
Ryslen
TDRK,“F F1) 730 i3 F 1] < 530 CR-AL Thermocouple |[boric Temperature Thermacsuple verithd
A loat rusent/Digital cation 2i KBS Coa-
Converter.,. 1 foraic Voltage Sud.
™, F n 30 132.3 24 .2 £ 00 Cr-CN Coax DLglinl Data Acqul= satitutlon Calibrati
i . $0.378 10.350 « 1800 Thermocouple uallon Systom aaulag
e Dlsitel Converger
P, 24 5T, In. 10,081 30 . I0.008 [<0.3 Poui'nt{n-eter »nd t Precigion ULETomciod
Optica '
[ i, 10068 “hii] 10 .020 20.030 [€ 35 Potent lometer Dlgital Data Bystem '
, Optical Gradicule |A/D Converter Opti- :
cally Positioncd Zerg !
Qm,iﬂ”tz-llc 212.3 P30 123 <1 Coaxial Surisce Doric Temperature Radiant Heat Soures
Thersocouple Ingtruaent/Digital aad Secoadary Stap-
Hultiplexer dard Gerdon Gage
RN, oV TU.S . T 1 <1000 PRilco Yord Gorp. {Dlgital Oets Acqui- Precia{on Digatal
- Model ¢ADP-12/13 |sition Systew Analog | Voltaeter
llot~Fire Anemomsiwdto Digitai Coavartey
[ 40,8 1 <3 Syatea
LRRENT, a8 - .
EoAR,av 305 | (11— l
|

:Tf"'&'%'l "6." and Absroethy, K. B. st sl, "Handbook Uscortaisty in Gas Turbine Messursmenis.” ARDC-TR-73-3 (AD 735358), Febeuary L9873, net, @,
. ssumed to zaro

a-18 (8/79)

———



TANLE 3. Coatiousd

\ Brorerug | s e
. b, Bmsig Meamuremsats .
- l - ] ' , .
' STEADY-STATE ESTIMATED NEASUREXENT® . .
, Precinion ludex Bisn Uncertaiaty ’ - ' i
(s) ) £(B « t3s8) Reage . 2ype ot Type ot Nethod of .
Paraseter 1 - y T wmh Mesawring Device luoul.” Device Syaten
Dealgsatlon - -4 ﬂg % 8 F == » » au € oy Callbration
ad ] . w a
E-e-‘-: zeg (28 gvi.} uit $v3g :'l;§§ AWLITUDE  FABQUENCY -
&9
. : 2 BN iy & oM 2 & k] .
Flow Turbulance Unkuown — Ookaown Unkaowa’ [T DC to 380 fot ¥ire Aoemp- Analog data rocordsd| Wire ensracterinticy
wolk RS IZ or GO0 |meter Bystam (50 oo tapa for subae= by ovyea calibratiss
(Heating AHZ (ireq. |microinch wira) quent pleyback smd
Currents resgmnne reduction
up to 3 ma) band deter-
. wined by pss Loops of dutm Eent traoefer char=
! . . . tiltgra racorded on digital | actertsiics by calid
. ueed. data acquisition bratlon in tusnel
. systen {AD converter] fres-stream
- , P for sach run
; : ' .
wlg ' .
(R}
- -
=Y . ' . . . .
. ' v - '
1
- . ) L} e - v - .
i . . . T . tr i

B Lirdaeat wengurensals

218 'tll‘m



TIBLE B, Concleded Bttt o
e. Caleulatay Parymetsrs "
{at BE = 2.92x10%)

~ .
. BYZADY-STATE ESTINATED MIASURENENT® . ) g ..
Precision lodea [ TETY Uocartainty . _ -
. 8 - m 208 + tgan)
Paranster T C; - s - o
. Designation v w ar. | "8 = 2 oha - ok .
- o 28 [ d - - B_l i-'ﬂ' - == . .
uwa was [ » gug uge |, uia .
$%s e kY Y% i £ee 4
= 3 g! a‘u B a ﬂg g E gl
P ouin 0.9 »30 | 0.23 3.19
Pra,pats D.68 0.23 1.81 .
Q,pu1a 0.87 0.23 1.60
T. %R 0.29 0.25 0.83
Y, Et/nec 0.04 0.13 0.20 b
R, 1bn/ 1tY 0.70 0.38 L,78
ing-
wy, 2abysee 0.26 0.3 .82
" 0.13 ’ o 6.30 Detarnise) from test seetion yepestability |
and unifopaity durisg tomsel calibratise
RE 0.41 0.45 1.%
] 1 *
Sbernsthy, N, B, ot al. And ThOWDEOD, J. W. "HALADSOR DRGArtAinty I Gie Ty T
ARDC-TR-73-3 {AD TSU355), Febroery 1 Rat. 6. .
¥»-16a  (9-79) . K

-~



ThAeLe 3 TEST Summary

as) DURFACE HERT TRAUSFER

FIODEL COUFIG, sy ar‘ &

B & L M w e
FoLONE OQo0ls © =90 Bo 25 2
I L2 &
,.a 5
2. /50 2.5 /
. So0 2.5 3
R.c00 | a.s 773, 146, /79

£) Svrrace Pressupe (7yPe 2 DATR)

.- . .
MoDEL CONFIG. g}' é .?l-s M REST Lo/

= - 2

-0 8.0 2.5 72,73 -

© 7% LovE armse o
o -% 8.0 35 /30, /57

72 Coi/E 2. 000

aF



7A8LE 3

Covrivven _
C) HoT-wiRe RUMrrarwe Svrvey AMATRIX CTYRs 8 Darw)

oy PE X, S7ATIoN ) . _
wé o |7 [/ 177 |26 125 =7 30 133 |34 |35 |56 |37
oors | £o %/ +6 #2 |3¢ R6 |2t |6 (s 2l | g
orel\z2s |96 | g2 5 | 77 |67 | 6¢ [ 6o |57 | 54
o.50)3.5 | /40 14 |1z | 139%] ra8 , /SF
200025 ‘ | g a2
Xao0ms P =-90ns M= 8.0

dD Heaw Flow Bouwpary Lavee Swevey Hf-rmx (rrPe 4 prrs) e

y 47

££/Fr ol

X, STATION

xp6

/O /5

/6

20

25

e

Qaocols
2. /50

£, 00

2.5
25

zo %

/06 | ro5

m,/zsﬁ

//o
7%, 10f

/07
/03
/23

/o8
75 /62

ro7
74 (ol
/22

X'= 0.0 PE6,

Pc-9008 H=80

-JJ

i
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TRELE

3

[

|

Covrwdep

|-

€) Hor-weE QUAUTITATIVE RN MRTRIX (7)6'4‘ P 2mre)

RN |Re/ET X , STATION

o L VoSt i (12 |13 |14 |15 |16 [17]18 119 |20 |21 22 23To g2 |26 |27 [28] 2720 Ja) 152 53 g [o5 g |97

- locors| Lo 27 |43 |7 |45
G? 78 |#7 #ﬁ#%ﬁﬂ&ﬂ%ﬂ””a#gmﬁMMﬁpmyg
b |0-/5 |25 |95|7 (73 77 |8718618583 |62 18/ |78 | |70 {67 |8 |66 |é5 163 |62 |6t |57 |s8 | |s&| |s=| |53 |me
(/8

oO.5 | 3.5 35 .
2.00 | 3.5 &

o= O

'¢a -fa H-&o_ ‘.




778Le 3 ConvcLurep .
£)  HOT-WiIRE ANEMOMHETER ¥ BUD TOTAL TEMPERATURE
- PROBE CALIBRATION N FREE=STREAN (T1PE & LATS)

PT (2R ' -
f-"(l PRAGE) __ JEgﬁT’EQ | AOTANE 40,

Rew
—_— Y
6 202 - 355 a75~/.3 Fa
7 /50 -852  0.56 ~1.3 L |
/4 122 -852 ~0,57-/.5 q
52 - 352 ~577 - /.8-2./ 8
7 . 387 -577 __fI—27 /¥
, &0 Zop - S82 Ll =2./ 15
N - 200 ~577 Ll=2./ /7
V/aa So0-80f L4429 3
126 H]—FA8 - S =29 2
/33 . 898 ~80b. . . [.£-29 ]
/57 377 ~807.. . _ L =29 A

#_7‘)?: & Hor-WiRE SINEHOHETER DITA IERE REEorOED ON
THABVETIC FRPE [OR FUTURE NALYSIS, MWE OF THESE
RESUCTS HFRE GIWEN MW 78S REPRLT

@)  Hor-"wiet ITpenrmFIcarion ...

Hor-orRe o, - RUA Ho.
6 -

N =X 7

s2~71

77-n

8o-91

f2= /o0
C -2t
_IRE =28

/A3~ /55 ”
A= L2 '

-

SNpd R HFROQ

FARE

f
i

——

- ,.Ll s'“"\.



TABLE 4 - Scvrvey S7ATIONS

. . = . .
X (STAY  #f (Bu=.008) Hagew=15) = B(ew=50)  Ff(Rvm200)

lo - 085 . Foo7s £.7225

" . hets  C pRs

s [Earez T [auz L ATe2

/6 ) ' T 2,730
/7 X A - 73777

o ——

L : /75150

-ml’, e T __-,?.m - . -

25,477 - T 24887 - 2857 /.77
‘27,092 7. " ez T

soms - e o -

BARRS

33 - 83, 237 82247 R B
34 3’-245 . .
25 .7 $2m . .. S - FIL_. -
8 . . 86z . . - - .

R . - -— -
ST : - L T L . - - -
sf ,,n...' —c naié‘.zz:—.—. - - ::-, .s! I:z- i -.;':._. -
. -
[
e
=, —— - - —— e -
- - -
Fac? g -~ - b ol
-t




APPENDIX -H |

SAMPLE DATA
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ARD, I, = MENC DIVAISTON ' | .

A AYEANRIS CORPURATING CANPAVY ) .
¥O9 whoMAN GRS OYEMSICE FACTLITY - : :
ARYDLD AFR FARCE ETATION, TEWNFESEE
- AFOSRZAYFOL TRANBITINL ON ALENDER CONES . .
= v E 1
(1-1] 1 ALPHA SYCTYDRE .01 DEG, CONFICURATION MOSE BAOTUR, IR - TPIP
re  T7.% ARDFL ROLL =58,88 DFG. 7-NEG CONE o,1588 . wWOWE
DATA TTRF} SHEFACE UFRT TRUMEFER AREF & 39,300, IN
CACE W0 x B/SPEF THETA . anov ™ HOTTY AT T}
1 37,70 LPLLY 170, 1.14) %19,8% 1.403P=83 B, BAGE=04
1 16,490 n,al¢ 1R, 0,949 519,072  l.149F=43 T7,1ME-04
4 15,796 n, a0p 189, . 0. T4R 815,602 9, 16AF=08 5, TROF=D4
7 32.0% 0,022 118, 0,571 §38,72) T,074E=04  4,430F=04
L 238 6,%a0 10, 0,441 £30,299 S5.400K=04 3. 411E=04 .
11 ", 8,134 190, 0,472 SR 1L S,LROF=04 ), 24nF=04
1t M, 2 D.Tie 1ho, - 0,396 S35, 217 AHATE=04  1,056F-04
13 24,216 .19 1.3 4 1h0, L a.4u XL ]2 S,ABME~D4 3. 8A0E=04
14 OFLETE -
1% arrgr .
16 AFLFTF
1T QFLETP
I8 OFLFLF
an 19,136 - a,487 [ 1.1 TR 0,494 818,691  &,054F=04  3,470E-04
a2 17,148 0,438 ke, 0,521 SIN 092 6 091F=04 4,0)08=04
24 4R a,1m 1, 0.533 . 539,159 &,511F-04  4,118E-04
1% 13,44A 8,115 188, . 0,547 £§30,719  4,.570F=D4 A )40f-G4
27 12,044 0.%0% 180, . 0.61Y 538,940 1,%T0-04 4. 740F-04 .
3 11,146 LT 140, 0,630 39,298 ¢ 1,825F«04 4,914F-04
» a_ 14k 8.9} 140, 0.700 £39.93) B N9I%=04  5,.419F-04
LI 1,146 Ll 140, 0,787 S)9.9F1 T EIISE-N4 8.772£-04
. . .
(L] 1 oy = BTA.LY) ¥ = J38%,) FY/SEC
DEW PT. W =44 DODEE P Y eI, TORA R - o= 2,678 PATA -
Cully & 18,0 TH *a 5,97 =03 PRI T = a4 "DEGCR
.Y RE @ 2,490F+08 PIR PT pr2 w 4,94 PSIA '

wii m 7,91PE=08 LhP=SEC/FT1 R » 1.839F=03 LAN/FTS

DATE COMPUTED §=hOVald
TIME CorpUITD 08137103
DATE RECORDED 21-BEF+T9
TIMPE RECORDED 20134123
PROJECT NUMRBER Y41lE=p2



T

Y

- - 1 - =

ARD, INC, = AEDC DYVIYEYOW

A AYERDRUF CORPORATION CONPART

YON KARMAN GAS DYNANICE TACILITY

ARNOLD ATR FORCE STATINN, TENNESSEE .
AFDIR/ATFOL TRANSITIOR QN SLYRDER COMES

fAUm wuMBER 12 PACE 3 . Vit
DATA TYPE 2

, WBREL ZURFate llnsml:umnl .ot

o

LorP &

TAP & THEYA i T

[l OEG) {PELAY

1 .. [ 0.1342 2.567) °
r  11.197 ] 0. 4560 7.A059
3 31,397 0, 0.1%8%2 2.59%¢
4+ 15,90 [ 0.196}) 2.,#013
5 ' ML, ] 0.1607 2.6742
& 11,20 [} 09,1500 2.8622
T 19,737 0, 0,181}, 2,68%2
8 27,23} [ 0.1%9% 2,.A348
25,237 9 0.1A0NW 2.675%

L9 1M 0 0,16%4 2,6R6%

11 21,227 [ 0.159% LT

W17 19,147 ] 9.1%72 7.6413
13, 18,147 [ 0,.1606 7.8979
A8 14147 0 0.1551 7.6738
35 | 12,147 i o, 0. 4514 2.6447
14 10,147 .8, 0,189 7,6695
17, 0147 .0 0.1569 2.831T0
I, 7,447 o 0,154R 2.834%
19 10,147 270 0,1569 21,6370
20 10,147 L] 0. 1594 2.6790
21 29,212 270 0,1622 2.6990
2 29.217 180 0,1627 2.T000
23 w1 79 0.1358 2.4936
24 nBN.M 180 0.1571 2.013%

L = o%0.0 bER
Hw 7., 4900
ALFERA » 0,0 UEG

Lot B

RSN WUNBER ki

-

4,919
THE VALUES OF THE FOLLOWING THERNOCOUPLES HAVE DEEW INTERPOLATED

“hi

[EFFE -

"y .l.l|ll' L | .
., aen 'I'D“ mn e s 9,109 ll.'
T prarate [T R
av g e 1
LI | . . * *
"C 3 THETA ™ T
m) tORG) {DEG *)
b 1 IMT9E .. 100 92,1 0,661
1+ 3 1 3208 80, 90%.0 b, 669
O e | ML L A0, - 917,98 o, 600
435,796 . 0 95,7 0,701
v B 34,09 180 ; 9%7.2 06,717
v 33,096 188, 9r9,Y 0.73}
1= T 32,29 140« 1010,¢ 0,748
y B 31.236 180 . 10114 0,749
» 10,236 1t0 1012.4 0,150
10 20,91 100 1011,8 0,730
11 20.2)6 160 1013.6 0.751
12 27.2)6 180 10140 0,751
13 26,238 180 1014,.4% 0,752
14 15.216 190 1014.7 0,738
13 : 24,226 180% 1023.0 0,159
184 - 23,206, . 18D . 1027, 0,761
17 27,236 180,  19)1.4 0,764
10 . 2,204 100« . 1015,9 0,768
19 10146, . 1RO . JO4D.G 0,717t
0 19,146 140 1044,9 0,774
21 18,146 11 1049.4 o, 178
7 | 17.146 180 10547 [ ] 1)
23 1,146 180 108A,S 0, 1ad
2% 15,148 150 1062, 3 a,147
”» 14,148 e 1064,1 0,191
26 13,146 180 1073.¢% 0,796
-1 1.4 180 1075,2 0.197
1] 11,148 (11 1079.48 0,199
9 8 046 (L1 1004, 0,003
30 F. 046 - 100 1061.0 0,805
1n L LL] 189 1692,0 0,009
n T.l48 160 §097,0 0,813

PEIA

DATE CONPUTER 28-NDV=TH
TINE COMPUTED ' ‘13142140
DATE RECORDED ‘2d=B! r n
TINE RECORDED 51

PROJECT NUNBER Nu-n

2 43 8 I IBAS1IY NI IIS N -
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A, !'é. = AEDC DIVIATON

A SYERDAUP CONPONATINN CNNPANT '
VON WARMAN GAS DYMAMICS FPACILIYY

ARNDLD AYR FORCE STATINN, TEMNESAEZE '
ATOSR/ZAFFOL TRANELITION ON ALENDER CONES

WUP WUMBER 6T
DATA TYPF 3

PACE 1

~  WLOWT Te0Eq CONE (AN = 8,18 TF.)

JLnw FTELD SURvEY R e 3,00
PROBE FAT (HOT NIFE ANEMOMETER AND TOTAL TEWP, PROSE) .
*Long Pt by [ F] ] L ™L 2 k2a)) A
[PSIA)  (DFG R} (PEIAY  [PANR} (PSIA) {WFQ W) (IN}  (DEG R) (IN)
- 870,11 13%3,7 4,943 0,050 DN, 180 18TA.% 9.9145 1120,4 0,015
7 %M.71 1383,.? 4,90 0,060 G100 L018,.9 0,049 1131.4 0,0249
1 579,31 1353.7 4,947 0,060 0,180 1078.9 0,047 1834, 4 0,037
4 SIA.681 13%31,7 4,941 4,060 0,160 1075.0 0,0451 1137,1 0,043
5 3TALE1 1353,.7 4.939  8.060 0,160 1478,.% 0.9549 1130,) 0,0549
& 379,71 134,71 4,947  0.0460 0,180 1078,9 O0.0%R 1133,% 0.0%38
T STA.4) 1353,.7 4.94% O,n&l  B.160 107,09 O,0R4Z 12,0 O,0843
8 BTA,84 135).7 4,947 O,08h 0,160 102,99 40,0746 1lin,.é D.0746
9 97910 BT - 4,943 0,040 0.160 107E.9 0,084 116%.3 0,0847
10 519,40 13919 4,942 0,040 0,160 107E,9 40,0938 1201.6 O,093%
11 S1e.21 1351.7 4,914 0,060 0,160 J070,9 9.1039 31235.4 0,10)9
12 519,51 13%),7 4,947 O,nk8  B,1BD 10729 Q9.1144 172In,0 O.1144
13 Sra_ap  13%3.7 4,042  ©,080  p.160 109M.9 O,1741 320, @,1741
1% STE.TL 13537 4,940 0,080 D,160 1078.9 Q,1341 122h.0 0.1341
tS 57,3 13537 4,75 0.ns0 0,160 1070.9 0,144% 312351 U.1445
i F7T.51 13537 4,947 0,060 D.168 1078.9 ©,15)3 1224.4 0,152
1T SR, YL 11%3.7 4.040 0,060 0,160 1078,9 O,.1833F 1274,7 0.1634
tF ST19.6L 10937 4,947 0,060 D160 1074,9 Q.1734 12240 0.1734
19 319,21 11%%,.7 4,948 0,060  P,160 107M,1 O,18)A 1223,6 OD.1A)6
20 314,91 1153,7 4,941 0.0, 0,160 1074.9 40,1929 1723,7 0,1929
21 5T3,0t 1)53,1 4,94  0.680 0,160 1079.9 0.2029 1223.) 0.2029
- 22 879,61 1351.7 4,947 0,080 0.160 9070.9 0,213V 1P7V.% 4. 21NN
21 s1.a1 182,17 4.942 0,060 0,160 QOTR,0 0,.232)5 121).6 0.2215
24 $79.71 13%2.7 4,948 0,060 0,140, 10TR.1 D,233) 127),7 06,2113
25 SIe,e1 13827 4,941 0,060 0,160 I0TE.Y  0,2427 122).7 &.147)
26 979,61 BISIT "4.047 0,060 0.160 L0IN.D 0.2577 1223.7 0,7527
77 S)e.61 1351,7 4,947 0,880 0.i&0) MO0, 0.2h32 £22),4 O.7637
0 ST 11%2.7 4,945 0,080 0,160 187M.1 0,2726 122).6 0.2726
7% STA, 91 1352,7 - 4,940 0,060 Q.180 1OTH,1 B 203A §32),7 OQ,2dMN
10 S19.41 115),.7 4,946 G060 0,160 LOT.% 0.2529 1320,2 0.2929
31 579,21 1)%),7 4,944 0,060 0,160 10619, b,3024 1223.86 0.J024
1T 519.3% 13152.% 4,943 0,080 0,160 1078,1 O,3110 $221.6 O0,.313%
) MEAN VALUES
PAL = =900 DEG PT » 370.2 PBIA
He T.9% R 1T 2]39),9 DEE R
. ALPNA & 0,0 DEG P2 R 4,944 PEIA
AE = 2, 00MEeDS PER IN
AH = T.OME=08 LAF=-AEC/TTR
RHD 8 1,5425-03 LINIFYY
. .
. RUW WyRBER [ 1) ' .

1]
1.1300E402
f1.3)00F402
1.)3008402
1.,)200E402
1,3100E¢02
1,12008402
1, 3100F+02
1.4100E¢02
1.4600E+02
1,4600E+02
1,0500E+403
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